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However, even if the T cells found in the latent ganglia
originate from effector memory cells, they do not con-
form to the accepted phenotype, since they express
acute activation markers such as CD69. Khanna et al.
(2003) would argue that this probably reflects the ongo-
ing stimulation by the HSV antigens expressed by the
neurons harboring the latent HSV infection. In this re- Contrasting Urban and Rural
spect, the model resembles a chronic infection from the Lifestyles of Memory CD8 T Cells
T cell’s viewpoint, since T cell stimulation would persist
as long as “latent” virus remains within the ganglia,
effectively for the life of the infected individual. Whether
this results in proliferation and self-renewal of the gan- Memory CD8 T cells in lymphoid tissue exhibit an
glion-resident T cells or recruitment from another com- unexpectedly high apoptosis rate, while memory cells
partment, like the central memory pool, remains to be located in several nonlymphoid tissues do not. This
ascertained. may be because the lymphoid CD8 memory T cell
This discussion of CD8 T cell-mediated inhibition of repertoire is being continuously updated, while the
reactivation is framed in the context of stable latency. tissue repertoire is more stable.
But what happens to these HSV-specific CD8 T cells
during the periodic bouts of reactivation seen in human The fundamental processes of the adaptive immune sys-
infection? HSV’s ability to reactivate deserves much of tem are based on diversification and Darwinian selec-
the credit for its successful spread throughout the hu- tion. These operating principles are well recognized dur-
man population, yet this key component of the viral life ing the development of T cells in the thymus, and during
cycle is little studied. Khanna and colleagues have taken the induction of a T cell response, where competition
an important step in understanding herpesvirus reacti- for antigen may lead to de facto affinity maturation of the
vation by defining the immune components that inhibit T cell response (Kedl et al., 2000). Selective interactions
this event. HSV latency was for many years considered presuppose the expansion of some clonotypes and the
a most important problem in biology, but the apparent elimination of others. A paper from Raymond Welsh and
rock-solid stability of the latency in mice and the lack colleagues at the University of Massachusetts (Wang et
of observed viral gene expression during this state, cou- al., 2003), published in this issue of Immunity, shows
pled with a dearth of experimental models of reactiva- that the death rates of memory CD8 T cells differ dra-
tion, have prompted many investigators to consign this matically, depending on their location. This raises the
issue to the “too hard” basket. These findings should question whether ongoing selection of the memory
rekindle interest in an important virological, immunologi- CD8 T cell pool is similarly compartmentalized.
cal, and intellectual problem. Their basic observation is that LCMV-specific CD8
T cells exhibit a high rate of apoptosis in the lymphoid
organs but a much lower rate in the lungs, fat pad, and
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at 2 and 4 months. The relevance of Fas and FasL so lating pool, exposing themselves to an increased risk
long after acute infection is questionable, since these of apoptosis.
molecules are major players in activation-induced cell If tissue CD8 T cells exhibit a low apoptosis rate and
death, which depends on T cell receptor engagement slow turnover, what distinctive role does this play in
(Lenardo et al., 1999). It is possible that although the immunity? Welsh and colleagues suggest that the tissue
memory T cells in the peripheral organs have some sur- memory cells are readily available to deliver local immu-
vival advantage both during acute infection and subse- nity in the event of the reappearance of antigen, but the
quently, the mechanisms may differ between the acute long-term stability of memory T cell populations is really
and resting phases. Once antigen has disappeared, one no surprise; it is a corollary of the theory that memory
would expect passive cell death to be the predominant results from the long-term survival of primed clones.
mode of apoptosis. However, screening experiments in The remarkable phenomenon highlighted by the work
this paper did not detect differences in the expression is the dynamic nature of the memory population in the
of antiapoptotic genes that might influence passive apo- lymphoid tissues. Contrary to expectations, these
ptosis. primed, antigen-specific CD8 T cells contain an abun-
Zinkernagel and colleagues have argued that the pe- dant population that is apparently programmed to die,
ripheral rather than lymphoid memory T cells are most and since the memory population is quite stable over
relevant for protection against viral re-infection (Bach- time, these cells must be replaced by cell division. The
mann et al., 1997). Recent studies show that antigen- real question raised by the studies of Welsh and col-
specific T cells distribute themselves through all periph- leagues is the biological significance of such memory
eral tissues after disappearance of the acute antigenic CD8 T cell turnover in the lymphoid tissues. One possi-
challenge (termed: the diaspora) (Marshall et al., 2001; ble answer is offered by other work from the same group,
Masopust et al., 2001; Reinhardt et al., 2001). Such redis- who have shown that sequential infections with unre-
tribution did not depend on the presence of antigen at lated pathogens results in the selective expansion of
the tissue site (Topham et al., 2001). Adequate numbers clones of crossreactive memory cells (Chen et al., 2001).
of these T cells are essential for secondary immune Since the T cell space is finite, there is obvious efficiency
protection in the influenza system; furthermore, isolated in filling it with expanded clones of long-lived T cells
tissue memory T cells confer protection (Hogan et al., that can respond to more than one future assault at the
2001). expense of monospecific clones (Selin et al., 1999). If
The current work by Welsh adds to this emerging the high apoptotic rate and rapid turnover of memory
paradigm by showing that the memory CD8 T cells in CD8 T cells in lymphoid organs underpins the selection
the periphery can resist the apoptotic death that awaits of crossreactive clones, would indolent tissue memory
most T cells at the end of an immune response. Though T cells be protected from such selection? Such a mecha-
the studies implicate Fas and FasL in at least one phase nism would promote greater diversity across the entire
of the response, the picture is not complete, and a mo- memory T cell pool, with crossreactive cells abundant
lecular mechanism to explain the regulation of Fas and in central memory, while monospecific memory cells
FasL as well as other possible means of apoptosis resis- would dominate in tissues.
tance remains to be elucidated. Interleukin-15 (IL-15) is The paper from Wang et al. (2003) leaves us with a
an important survival factor for memory CD8 T cells picture of CD8 T cell memory in which the somatic
(Zhang et al., 1998), while IL-2 has a dual role, promoting tissues resemble a bucolic rural environment, where
cell division early in the response, but also promoting populations turn over at a leisurely rate. In contrast, the
the expression of proapoptotic molecules, such as FasL secondary lymphoid organs are like vibrant cities, in
(Zheng et al., 1998). The balance between these two which dynamic competition creates desirable change,
cytokines may determine the turnover and longevity of accompanied by fast turnover and the elimination of the
memory CD8 T cell populations (Ku et al., 2000). The
unsuccessful.
relatively low apoptotic rate in tissue-resident memory
cells could be due to a local predominance of protective
David J. Topham and I. Nicholas Crispecytokines such as IL-15 or could be due to antiapoptotic
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